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[57] ABSTRACT

The walls of a heat exchanger for cooling a particle-
contaminated gas are continuously cleaned by adding
cleaning particles to the gas, separating the cleaning
particles, and collecting the separated cleaning particles
into a fluidized bed providing sufficient hydrostatic
pressure to displace cleaning particles into the heat
exchanger.

6 Claims, 2 Drawing Figures
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METHOD AND APPARATUS FOR
CONTINUOUSLY CLEANING A HEAT
EXCHANGER DURING OPERATION

BACKGROUND OF THE INVENTION

The invention relates to a method for continuously
cleaning a heat exchanger during operation as well-as to
an apparatus to be used with such a method.

More specifically, the invention relates to a method
for continuously cleaning a heat exchanger of a type
called the closed loop type, which 1s provided with a
series of heat exchanging pipes, with one medium—for
instance the cooling medium—passing through the
pipes and the other medium-—for instance the medium
to be cooled—being carried along the pipes. Heat ex-
changers of this type are used on a large scale in many
branches of industry, for instance in the petroleum and
coal industries for cooling the products obtained from
hydrocrackers and gasifiers. A cooling medium often
used is water or air. When air is used, the cooling me-
dium 1is usually passed through the heat exchanging
pipes while the air is blown along the pipes at a high
velocity. In a heat exchanger in which water 1s used as
the cooling medium the water is usually carried through
the pipes while the medium to be cooled flows along the
pipes.

The invention relates to a method and apparatus for
continuously cleaning a heat exchanger used for cooling
a gaseous medium which is polluted by solid particles.
Such a gaseous medium to be cooled may be for in-
stance product gas obtained from the partial combus-
tion of liquid or solid hydrocarbons. Such product gases
usually contain fairly large quantities of small to very
small solid particles, such as soot and fly ash. Particu-
larly when the solid particles are somewhat sticky there
1s a risk of these particles adhering to the walls of the
heat exchanging pipes when, along with the gas to be
cooled, they are carried through a heat exchanger.
However, such a particle buildup on the pipe walls will
soon lead to a decrease in the rate of heat transfer be-
tween gas to be cooled and cooling medium. When the
heat transfer efficiency of the heat exchanger has falien
to a certain level, the heat exchanging pipes have to be
cleaned in order to restore their efficiency.

In practice, a vast variety of methods and devices are
used for cleaning the surfaces of heat exchanging pipes.
- A well known cleaning method comprises passing solid
particles, for instance grains of sand and tiny steel balls,
along or through the heat exchanging pipes. During
their passage these solid particies strike against the pipe
walls and thus remove deposits from the pipe walls. The
solid cleaning particies can be introduced into the heat
exchanger during operation, which obviates the need
for shutting down the heat exchanger for a turn-out.

If 1n case of severely polluted gases a heat exchanger
i1s to maintain a constant maximum heat transfer effi-
ciency, the pipe walls must preferably be cleaned con-
tinuously. According to the known method the continu-
ous cleaning of the pipe walls can be performed by
moving a stream of solid particles together with the
gases in continuous circulation through the heat ex-
changer. In case of a heat exchanger used for cooling
gas which is polluted by solid particles, the solid clean-
ing particles are preferably passed through the heat
exchanger together with the gas stream forcing the
solid cleaning particles along. When the gas containing
the cleaning particles has left the heat exchanger, it is
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passed through a separator in order to remove the
cleaning particles together with the entrained solid
impurities from the gas stream. The separated cleaning
particles may subsequently be recirculated to the heat
exchanger to perform another cleaning cycle. In the
abovementioned known method of continuously clean-

ing heat exchangers the solid particles are circulated by
means of mechanical pumping. Particularly the use of
rigid cleaning particles, such as sand grains, leads to a
great deal of wear in the circulating pump due to the
scouring effect of the solid particles.

According to another known method for continu-
ously cleaning vertical pipe walls of a heat exchanger,
solid cleaning particles are provided inside or outside
the heat exchanging pipes in such a manner that, during
operation, a fluidized bed 1s created by an upward flow
of the heat absorbing or the heat emitting medium. This
method has the advantage over the aforementioned
method that the particles remain in the heat exchanger
permanently and that therefore the medium carried
along those particles need not be subjected to further
treatment for separating the medium from the cleaning
particles. However, the latter method does have a num-
ber of disadvantages, for instance the possibility of the
fluidized bed of cleaning particles becoming choked by
impurities, instability of the bed in case of fluctuations
of the medium passing through the bed during opera-
tion, as well as the Iimited possibility of working at
reduced throughput rates, since a certain minimum
velocity of the medium is required to prevent the fluid-
1zed bed from collapsing.

It 1s an object of the invention to provide an im-
proved method of continuously cleaning a heat ex-
changer, which does not require the use of mechanical
pumping devices that can easily be damaged, and by
which the solid particles themselves are continuously
cleaned, so that the cleaning particles in the heat ex-
changer will produce an optimum effect which will also
be maintained with none of the drawbacks adhering to
the last-named clearing method.

It is another object of the invention to provide an
apparatus to be used with such an improved cleaning
method.

SUMMARY OF THE INVENTION

According to the present invention the method for
the continuous cleaning, during operation, of a heat
exchanger with heat exchanging pipes used for treating
a gas which 1s polluted by solid particles, comprises
feeding solid cleaning particles into a polluted gas
which 1s to be cooled, allowing the gas containing the
cleaning particles to pass through the heat exchanger,
separating the cleaning particles from the treated gas,
collecting the separated cleaning particles 1in a virtually
vertically disposed, oblong collector, passing a gas
stream through the collector in an upward direction in
order to create a fluidized bed of cleaning particles in a
manner causing sald bed to both remove impurities
from the cleaning particles and build up a thrust for
moving the cleaning particles towards the heat ex-
changer in order to allow the cleaning particles to be
recirculated into the heat exchanger.

According to the invention the apparatus to be used
in the aforementioned method for continuously clean-
ing a heat exchanger with heat exchanging pipes during
operation comprises a virtually vertically disposed cy-
clone with a tangential inlet for gas and cleaning parti-
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cles, which inlet communicates with an outlet of the
heat exchanger, a gas outlet in the upper part of the
cyclone and an outlet for cleaning particles in the lower
part of the cyclone, a virtually vertically disposed,
oblong collector with an inlet which connects to the 5
cleaning particles outlet of the cyclone and an outlet
which communicates with an inlet of the heat ex-
changer, means for feeding a gas into the lower part of
the collector and an open tubular element for the dis-
charge of gas from the collector to the gas outlet of the 10
cyclone, which element is fitted virtually coaxially to
the inlet of the collector and the cleaning particles out-
let of the cyclone.

BRIEF DESCRIPTION OF THE DRAWINGS

" FIG. 1 shows a diagram of a system for continuously
cleaning a heat exchanger according to the invention.

FIG. 2 shows a longitudinal section of an apparatus
for use in this cleaning system.

DESCRIPTION OF THE INVENTION

In the afore-described method and apparatus accord-
ing to the invention for continuously cleaning a heat
exchanger with heat exchanging pipes, it 1s with two
objectives that gas is supplied to the cleaning particles 25
after they have been separated from the gas that has
passed through the heat exchanger, viz. the removal of
impurities entrained with the cleaning particles and the
creation of a pressure gradient by building up a fluidized
bed in a manner which allows the cleaning particles to 30
be formed from the lower part of the bed to the en-
‘trance of the heat exchanger without mechanical pump-
ing means being needed for this transport. The pro-
posed method and apparatus enable heat exchangers to
be kept 1n operation over a long period and with maxi- 35
mum efficiency.

FIG. 1 gives a schematic representation of what is
called a closed circulation system {or the use and clean-
ing of heat exchangers. This system comprises a heat
exchanger 1, which 1s used for instance for cooling 40
product gases polluted by fine solid particles, such as fly
ash or soot. Heat exchanger 1 is provided with a num-
ber of bundles of heat exchanging pipes 2 through
which during operation for instance water, with or
without steam, flows. The heat exchanger is provided 45
with a gas inlet 3 and a gas outlet 4 which are connected
with a circulation system—referred to as number 5—for
solid cleaning particles which are passed through the
heat exchanger together with the gas to be cooled.

The cleaning particles may be of a regular or an irreg- 50
ular shape and by preference they are hard. Suitable
cleaning particles are, for instance, sand grains. While
these particles pass through the heat exchanger together
with the polluted gas to be cooled, they regularly col-
lide with or scrape along the pipe walls. Thus, impuri- 55
ties which have been deposited on the walls are re-
moved and carried along with the gas stream through
the heat exchanger.

The cooled gas, together with the cleaning particles
and the impurities contained therein, is subsequently fed 60
through pipe 6, tangentially into a cyclone 7, where the
cleaning particles are separated from the gas stream.
Subsequently the gas stream i1s passed through a next
cyclone not shown here in order to separate fine parti-

cles, such as tly ash, which have been left behind. 65
- The separated cleaning particles are collected in a
vessel 8, where they are brought into the fluidized state
in a manner controlled to achieve a pressure build-up

20

4

- along the length of the vessel which is sufficiently large

that the particles can be forced via the bottom of the
vessel to mixing vessel 9 through a pipe 10. Moreover,
in vessel 8 remaining impurities are removed from the
cleaning particles, which will hereinafter be further
discussed, with the aid of FIG. 2.

In mixing vessel 9 a monitored quantity of cleaning
particles is continuously fed into a polluted gas stream
to be cooled as the stream enters the mixing vessel
through pipe 11. Then the gas and the cleaning particles
are passed through pipe 12 to inlet 3 of the heat ex-
changer. Fresh cleaning particles can be fed to the gas
to be cooled in mixing vessel 9, through pipe 13.

Cyclone separator 7 and vessel 8, which constitute
the most important parts of the system for circulating
the cleaning particles, will now be further discussed
with the aid of FIG. 2.

Cyclone separator 7, which during operation 1s posi-
tioned virtually vertically, comprises a cylindrical part
20 and a conical lower part 21, the open bottom of
which constitutes the opening of the outlet 22 for clean-
ing particles. A tangential gas inlet 23 is fitted into the
side wall of the cylindrical part 20. The cyclone is fur-
ther provided with an open gas outlet pipe 24, the bot-
tom end of which is situated below gas inlet 23. This gas
outlet pipe 24 is fitted virtually coaxially with the cylin-
drical part 20.

In the lower part of cyclone 7 an open tubular ele-
ment 25 is supported (on brackets not shown). The
outer and inner walls of element 25 are virtually con-
centric with the cyclone wall and gas outlet 24. The
opening through element 25 narrows slightly to the top
and its walls are so shaped that the top 26 of element 235
forms a sharp edge. This sharp edge serves to enhance
the stability of the cyclone, since the vortex of gas flow-
ing to the outlet, which 1s created during operation, can
adhere as 1t were to this edge.

The outer surface of the lower part of element 25 runs
virtually concentrically with the inner surface of the
conical part 21, so that an annular passage 27 1s formed
for the discharge of cleaning particles separated 1n the
upper part of the cyclone. Immediately below the dis-
charge opening 22 and virtually concentrically there-
with, is arranged vessel 8, which in the drawn exampie
1s virtually tubular, with an open top end 28 and an open
bottom end 29. Near the bottom end the wall of the
vessel 8 is provided with a number of openings 30 for
the admission of fluidization gas. Solid particles can be
removed from the circulation system by way of a dis-
charge pipe 31 which is fitted in the wall of the vessel.
The bottom of the vessel 8 communicates with mixing
vessel 9 via pipe 10, the lower part of vessel 8 being
conical in order to create a smooth through-flow of
cleaning particlies into pipe 10, free from the risk of
blocking-up.

During operation of heat exchanger 1 the cleaning
particles, separated from the gas, leave cyclone 7 via the
annular area 27 between the cyclone wall and element
25. Upon arriving in vessel 8 the particles are brought
into the fluidized state by the injection of gas into vessel
8 through gas inlet openings 30. The rate of the gas
tnjection i1s controllable to provide a hydrostatic pres-
sure within the column of particles and compensate for
the loss of pressure in heat exchanger 1 and cyclone 7
and to raise the overall pressure to such a level that,
upon opening of a valve (not shown) situated in pipe 10,
the cleaning particles are forced toward mixing vessel 9
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and from there flow into heat exchanger 1 together with
gas to be cooled.

The minimum length of the pressure recovery vessel
8 is determined by the pressure to be maintained in

vessel 8 with the aid of a fluidized bed. A bed depth of 5

8 m of fluidized sand having for instance a density of
1000 kg/m3 can lead to a pressure build-up of 0.8 bar.
The gas injection into vessel 8 1s primarily intended for
pressure recovery and has an additional function to
perform, i.e., that of cleaner. Solid 1mpurities which
have been carried along with the cleaning particles
from cyclone 7, will be loosened by the upward flowing
gas and carried off therewith. The gas enters the cy-
clone via the cleaning particles outlet 22 and then flows
through the conduit in element 235 to the cyclone outlet
24 where, together with the gas separated in the cy-
clone, it will leave the cyclone. The cleaning particles
which leave the cyclone through the annular passage 27
seal this passage off to the entering gas. A backpressure
within the cyclone 7 and thus within the heat exchanger
1 is maintained by the next cyclone or other device (not
shown) connected to the outlet of cyclone 7.

It i1s noted here that for the creation of the fluidized
bed in vessel 8, for instance part of the gas separated in
cyclone 7 can be used.

During the process of gas cooling the cleaning parti-
cles themselves will become somewhat poliuted, for
instance by sticky impurities from the gas adhering to
them. It 1s therefore advisable to draw off part of the
cleaning particles continuously or intermittently while
simultaneously adding fresh cleaning particles. It is
noted that, if required, further pressure can be added
within the closed circulation system by injecting gas
into pipe 10 which 1s situated between the pressure
recovery vessel 8 and the mixing vessel. The quantity of
cleaning particles needed may be controlled, for in-
stance, by measuring the temperature prevailing in the
gas reaching the end of the heat exchanger and adding
cleaning particles as needed to maintain the desired
extent of cooling. The thrust in pipe 10 can be used to
adjust the supply of cleaning particles to the heat ex-
changer.

FIG. 1 represents a circulation system in which the
gas, together with the cleaning particles, 1s carried
through the heat exchanger in an upward direction.
However, it is also posdible to arrange the circulation
system 1n such a manner that the gas is forced to flow
through the heat exchanger in a downward direction. In
the system shown the mixing vessel 9 may, for instance,
be constituted by what is called a *lift pot”, in which
the gas to be cooled is introduced at a lower level than
the cleaning particles, so that said particles are carried
along by the upward gas stream to the heat exchanger.
In the above-mentioned alternative system the mixing
vessel 9 i1s constituted for instance by a collector having
a gas outlet 1n the bottom.

Finally, it is remarked that the cleaning procedure
may be started up using, for instance sand as the clean-
ing particles, which sand may in the course of the pro-
cedure gradually be replaced by larger impurities from
the gas stream which are separated from the gas stream
together with the sand.

What 1s claimed 1s:

1. A method for continuously cleaning a heat ex-
changer while it 1s cooling gas which 1s polluted by
solid particles, comprising:

feeding solid cleaning particles into the polluted gas

being cooled;

passing the gas containing the cleaning particles

through the heat exchanger;
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separating the cleaning particles from the treated gas
in a vertically disposed cyclone having a central
portion which 1s located below the gas outlet of the
cyclone and comprises a tubular element which 1s
virtually centrally arranged in the lower part of the
cyclone;

collecting the separated cleaning particles in a virtu-
ally vertically disposed, oblong collector which is
situated under the cyclone, is virtually aligned with
the tubular element in the cyclone and is in open
communication with the cyclone; and

passing a gas stream upward through the cleaning
particles 1n the collector and the tubular element in
the cyclone in a manner sufficient to create a fluid-
1zed bed of cleaning particles which removes impu-
rities from the cleaning particles and builds up a
thrust, due to the hydrostatic head of the bed of
cleaning particles, for thrusting cleaning particles
toward the heat exchanger and thus causing clean-
ing particles to be recirculated into the heat ex-
changer without the aid of mechanical pumping
devices.

2. An apparatus for continuously cleaning a heat

exchanger comprising:

a virtually vertically disposed cyclone having a tan-
gential inlet for gas and cleaning particles, which
inlet communicates with an outlet of the heat ex-
changer;

an outlet for gas in the upper part of the cyclone and
an outlet for cleaning particles in the lower part of
the cyclone;

a virtually vertically disposed, oblong collector hav-
ing an inlet for cleaning particles which communi-
cates with the outlet for cleaning particles of the
cyclone and an outlet for cleaning particles which
communicates with an inlet of the heat exchanger;

means for feeding gas into the lower part of the col-
lector; and

an open tubular element within the cyclone for dis-
charging gas from the collector to the gas outlet of
the cyclone, which tubular element has an outer
surface which runs virtually concentrically with a
downward sloping conical inner surface of a lower
part of the cyclone, thus forming a downward
sloping annular passageway for feeding particles
into said outlet for cleaning particles and i1s ar-
ranged virtually coaxially with the inlet of the
collector and the cleaning particlies outlet of the
cyclone so that gas fed into the lower part of the
collector rises through cleaning particles in the
collector and lower part of the cyclone and can
create a fluidized bed of cleaning particies from
which impurities are being removed and entrained
in the gas discharged through the tubular element
in the cyclone while developing a hydrostatic head
sufficient for thrusting cleaned cleaning particles
toward the heat exchanger without the aid of a
mechanical pumping means.

3. The apparatus of claim 2 in which the open tubular

element 1s provided with a bevelled upper edge.

4. The apparatus of claim 3 in which the open tubular
element is provided with an outer surface which is at
least partly coaxial with the mmner surface of the cy-
clone.

5. The apparatus of claim 2 in which the collector is
virtually tubular.

6. The apparatus of claim 2 in which the collector 1s
provided with a number of supply openings for gas
which are uniformly distributed over the circumference

of a near bottom portion of the collector.
| . * * X *
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